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Descripti n 

1. Field of th Invention 

The invention relates to a method and device 
as indicated in the precharacterizing parts of claims 
i and 6. Such a prior art is disclosed in FR-A-2 
448 889 using an incompressible liquid as a trans- 
mitting medium for the impact signal. 

2. Description of the Prior Art 

The present invention relates to a number of 
disorders of skeletal tissue in which an active ex- 
ercise treatment may be employed. These dis- 
orders include situations involving both acute and 
chronic fractures of bones, replacement of joints 
with artificial prostheses, leg-lengthening proce- 
dures, and generalized or diffuse osteoporosis. 

When a bone is broken, acute fracture healing 
is triggered by a so-called "injury potential" which 
can be measured across two sides of the fracture. 
As early healing progresses, governed in part by 
bioelectrical mechanisms, the ends of the bone 
become joined by a tissue known as "bridging 
callus," which serves to anchor the ends of the 
fractured bone to one another. With time, this tis- 
sue is remodeled from a weak, woven (fetal), un- 
structured bone, to strong, well-organized, highly 
structured bone tissue. This maturation phase of 
the fracture repair process may be enhanced by 
applying compressive loads to the bone, directed 
along its axis, and of appropriate amplitude and 
rate of loading. This phase is also mediated by 
bioelectric processes, as mechanical energy is 
transduced by the piezoelectric and electrokinetic 
properties of bone to a modification of the activity 
of the bone cells in selected ways and at selected 
sites (discussed below under Scientific Studies). 
This stress working process serves to hasten matu- 
ration of the newly formed, unstructured, repair- 
bone, and consequently reduces the amount of 
time a limb needs to be externally immobilized 
(e.g., to be in a cast or a frame). Furthermore, cast 
immobilization and fracture repair are often accom- 
panied by a depletion of bone mass (localized 
disuse osteoporosis) in structures at a considerable 
distance from the fracture itself. In weight bearing 
bones, rehabilitation often is retarded by stress 
pain in response to the bone loss which accom- 
panies casting. Internal fixation with hails or plates, 
also, results in disuse osteoporosis as the result of 
stress-relief, the repair process itself, and motor 
disability. 

It is w II recognized by orthopaedic surgeons 
and other physicians that early functional use of a 
broken extr mity is desirable to speed a patient's 
rehabilitation. Few doctors or patients, however, 



hav recognized that the ben fits of function (e.g. 
weight-bearing) derive, mainly, from brief intervals 
of controlled axial compression loading at critically 
rapid rates (he., impacting). In fact, most patients, 

5 after fracture, are unable to load with appropriate 
impact unless taught specific methods with effec- 
tive monitoring methods to achieve this end. Fur- 
thermore, loading patterns which do not produce 
axial impact compression may introduce mechani- 

>o cally-deleterious torque, shear, or bending mo- 
ments at rates too slow to improve the function of 
bone cells. 

Thus it is desirable to provide a means for 
individuals with fractures to achieve appropriate 

75 compressive loading of their fractured bones to 
accelerate the maturation (strengthening) process. 
The loading patterns of these compressive forces 
should be controlled so that the stimulus for re- 
modeling is below that which would produce acute 

20 or fatigue failure of the structurally evolving new 
bone. . 

About 5% of long bone fractures fail to heal in 
the normal tissue and fashion. In these cases the 
long bone fractures fail to unite and proceed to 

25 "delayed union" or "non-union." These conditions 
are characterized by a persistence of soft tissue 
opposite and within the fracture gap. In order to 
institute the final phases of repair, usually months 
to years after the original injury was sustained, it is 

30 necessary to initiate calcification and vasculariza- 
tion of these soft tissues. A commonly used meth- 
od to achieve these ends is the use of selected 
pulsed electromagnetic fields delivered through a 
coil(s) attached to the cast over the old fracture 

35 site. Once the repair process is re-instituted, both 
the surgeon and the patient are desirous of reduc- 
ing the total time required in cast before unrestric- 
ted function can begin. Rapid maturation of the 
bridging, unstructured new bone, without overload- 

40 ing, is a sine gua non for early rehabilitation. The 
principles of controlled, active, axial compression 
exercise to achieve these ends have been enun- 
ciated and clinically used successfully for the past 
ten years, but without an effective device to guide 

45 the patient in the loading program. 

Osteoporosis is a chronic disorder which usu- 
ally, but not exclusively, afflicts older women. Oth- 
ers who may be affected by this disorder include 
those who are confined to bed and even astronauts 

50 who are in a weightless environment Osteoporosis 
is characterized by a decrease in the density of 
mineralized bone mass which makes the affected 
bones more fragile and therefore more susceptible 
to breakage. 

55 Osteoporosis is frequently a debilitating prob- 
lem. The injuries which r suit from osteoporosis 
often require xtended hospitalization, and some- 
times involv costly and painful surgery ( .g. total 
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hip joint replacement): Hearth care costs for this 
condition approach ten billion dollars per annum in 
the United States alone. In addition, osteoporosis 
severely diminishes the vitality and mobility of 
those who suffer from this disease. 

The general population also feels the effects of 
this disorder. Individuals who are afflicted with 
osteoporosis must depend upon relatives and oth- 
ers for care, and the health care and hospital costs 
are borne by everyone. 

Osteoporosis occurs when the destruction of 
bone occurs at a rate faster than that with which 
new bone formed. The balance between destruc- 
tion and formation is governed by hormones, cal- 
cium intake, vitamin D and related compounds, 
weight, smoking, alcohol consumption, exercise 
and other factors. 

Much effort in the medical community has 
been focused on slowing or reversing bone loss 
through administering estrogens, calcitonin, cal- 
cium, fluorides, and thiazides, and recommending 
exercise. None of these modalities has been en- 
tirely successful in restoring bone mass to a se- 
verely depleted skeletal system. 

Thus, it is desirable to find new methods for 
treating osteoporosis. A promising avenue is based 
upon a physiologic principle known as Wolffs law, 
which states that bone adapts its internal structure 
in response to the forces which act upon it. In other 
words, bone will remodel itself so that it is opti- 
mally structured to bear the applied stress. 

Research has shown that Wolff's law is en- 
acted, in part, through bioelectric processes. Be- 
cause bone is piezoelectric and electrokinetic, it 
generates an electrical signal in response to me- 
chanical forces. This internally-generated electrical 
signal then has a positive effect on bone formation. 
The principles of axial impact exercise just noted 
for fracture care apply equally well for 
osteoporosis. Not only can they prevent bone loss 
but they can restore bone mass and strength, once 
lost. The key to their success in this pathologic 
entity, again, rests on achieving a critically rapid 
skeletal loading rate to activate bone forming cells. 
For individuals with low bone mass, the amount of 
loading must be consonant with the amount of 
residual bone and it is increased as the mass 
increases in response to appropriately controlled 
active exercise. 

Joint replacement surgery now involves two 
major types of bonding between the 
endoprosthesis(es) and bone. One makes use of a 
filler material (glue), such as methyl methacrylate. 
The second, newer method relies on th ability of 
bon to grow into a porous surface of the implant 
(metal, plastic, or composite), th r by locking the 
device in place. Biologically, the post-surgical re- 
sponse is simitar to fracture healing; with an initial 



deposition of wov n (fetal), unstructured bon at 
the interface between h st bone and th implant 
and within its porous interstic s. The rat of re- 
habilitation following joint replacement in the lower 

5 extremities is determined by the . rate at which 
interfacial new bone can be stress-worked (remod- 
eled) without a shearing failure. Excessive, early 
loading can convert new bone into fibrous tissue, 
producing a post-surgical failure. It is important, if 

w not imperative, therefore, to control the amount of 
applied load and to keep its rate of increase con- 
sistent with the ability of interfacial bone to mature 
without a materials or cellular failure. 

In order to equalize significant leg length irt- 

75 equality in adults, a mid-shaft (diaphyseal) 
osteotomy often is performed after the application 
of a distractable external fixator. When the early 
repair of this iatrogenic fracture is in progress, at 
about 3-4 weeks post-operatively, daily controlled 

20 distraction is begun and continued until limb length 
equality is achieved or approached. Post-lengthen- 
ing, the return of sufficient strength to the operated 
limb to permit unrestricted function is determined 
by loading patterns. Again, controlled, active, axial 

25 compressive impact exercise can be a useful ad- 
junct to increase the rate of maturation without a 
material failure in the repairing segment. 

The interactions between bone structure and 
mechanical forces has been studied scientifically. 

30 One of the first and most complete investigations 
into the effects of mechanical loading on bone 
tissues was reported by Cochran, et a!., in "Elec- 
trical Mechanical Characteristics of Bone Under 
Physiologic Moisture Conditions,* (Clinical Ortho- 

35 pedics, 58:249-70, 1968). In that publication, it was 
shown that electrical potentials were developed in 
bone in response to mechanical stresses, both with 
in vivo and in vitro studies. This work contributed to 
the successful use of electromagnetic stimulation 

40 to modify bone tissue, as reported by Bassett, et 
al., in "Augmentation of Bone Repair by Inductively 
Coupled Electromagnetic Fields," (Science, 
184:575-77, May 1974) and Bassett. et al., "A Non- 
Operative Salvage of Surgically Resistant Pseudar- 

45 throses and Non-Unions by Pulsing Electromag- 
netic Fields, A Preliminary Report," (Clinical Or- 
thopedics, 124:128-43, 1977). The importance of 
bioelectric phenomena in osteoporosis has been 
reported in part by Bassett, et al., in "Prevention of 

so Disuse Osteoporosis in the Rat by Means of Pul- 
sing Electromagnetic Fields" (Brighton, et al., Elec- 
trical Properties of Bone and Cartilage: Experimen- 
tal Effects and Clinical Applications, 1979), and by 
Cruess, et al., in "Th Effect of Pulsing Elec- 

55 tromagn tic Fields Upon Bone M tabolism in an 
Experimental Model of Disuse Osteoporosis" (Clini- 
cal Orthopedics, 173:245. 1983). 
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In the paper by Cochran, et al. (abov ), it was 
demonstrated that the mechanical loading of bon 
n eded to occur at a particular rate in ord r t 
generate maximal voltages. To this end, patients 
have been treated with axial compression exercise, 
at prescribed rates of loading, as reported by 
CAL. Bassett, "Effect of force on skeletal tissues", 
Physiological Basis of Rehabilitation Medicine , 
Downey and Darling eds., 1st ed., W.B. Saunders 
Co., 1971, pp. 312-314). In these exercises, pa- 
tients used a fish scale to approximate the maxi- 
mum impact of their compression exercise, but 
they had no way to quantify the rate at which the 
impact took place. 

Other research into mechanical methods to 
control bone loss have been reported. For exam- 
ple, the National Aeronautics and Space Admin- 
istration funded a project to study the use of im- 
pact loading on individuals' heels to stimulate bone 
formation. Reference to this work was made in an 
abstract printed in the USPHS Professional Associ- 
ation, 11th Annual Meeting (May 1976) proceed- 
ings, and entitled "Modification of Negative Cal- 
cium Balance and Bone Mineral Loss During Bed 
Rest." The abstract reported that impact loading, 
which was limited to a maximum of 25 pounds, 
could stow down the loss of calcium. 

Rubin and Lanyon have also investigated the 
relationship between mechanical forces and bone 
formation, and have suggested that periodic strain 
rates and cyclic patterns generate a maximal 
osteogenic response in avian bones. In "Regulation 
of Bone Formation by Applied Dynamic Loads", 
(Journal of Bone and Joint Surgery, 66-A(3): pp. 
397-402, March 1982), cyclic loading at 0.5 Hz 
caused bone formation to be augmented. In "Regu- 
lation of Bone Mass by Mechanical Strain Mag- 
nitude," (Calcified Tissue International, 37:411-417, 
1985), it was shown that a dose relationship exists 
between peak strain applied and change in bone 
tissue mass. 

The challenge of utilizing these facts is to 
translate this general laboratory information into 
clinically effective devices and methods for treating 
the bone disorders discussed above. 

It is therefore the object of the present inven- 
tion to provide a method and device for analyzing 
impact received by a patient suffering from a bone 
disorder in order to employ the concept of a critical 
loading factor in the treatment of the bone disorder. 

Advantages of the present invention will be set 
forth in the description which follows, and in part 
will be apparent from the description, or may be 
learned by practic of th invention. The object and 
advantages of th invention may be realized and 
obtained by means of th instrumentalities and 
combinations particularly pointed out in the claims. 



SUMMARY OF THE INVENTION 

T achi ve th aforementioned object, and in 
accordance with the purposes of the invention as 

s embodied and broadly described herein, there is 
provided a method of providing active exercise 
treatment for increasing the amount, strength, and 
proper anatomical distribution of skeletal tissue in a 
patient suffering from a bone disorder. This method 

ro comprises the step of determining, from selected 
characteristics of the patient's skeletal tissue, de- 
sired values for impact load and rate in order to 
provide treatment for the bone disorder, the de- 
sired impact load and rate values being chosen to 

75 generate electrical signals in the patient's skeletal 
tissue such that the predominant energy distribu- 
tion will be between 0.1 Hz and 100 kHz, with 
notable energy distribution in the range of 6 to 16 
Hz. The method further comprises the steps of 

20 repeatedly striking a sensor by the patient in a 
manner to produce an impact load along the axis of 
a bone experiencing the bone disorder, automati- 
cally measuring the impact load generated from 
the patient's striking of the sensor, automatically 

25 measuring the rate of the striking of the sensor, 
automatically comparing the measured impact load 
with the desired impact load value and automati- 
cally comparing the desired impact rate value to 
the measured impact rate value to determine , a 

30 success indicator of how close the patient came to 
the desired impact load values in striking the sen- 
sor, providing the success indication to the patient 
automatically as feedback for the active exercise 
treatment, and, recording the success indicator de- 

35 termined during the exercise treatment 

Also in accordance with the present invention, 
a device provides active exercise treatment for 
increasing the amount, strength and proper ana- 
tomical distribution of skeletal tissue in a patient 

40 suffering from a bone disorder by causing a de- 
sired impact load at a desired impact rate to be 
imparted to the patient such that the desired values 
for impact load and impact rate cause the patient's 
skeletal tissue to generate an electrical signal hav- 

45 ing the majority of its energy between 1 Hz and 
100 kHz, with notable energy distribution in the 
range of 6 to 16 Hz. The device comprises sensing 
means adapted to be repeatedly struck by the 
patient in a manner to produce an impact load to 

50 the patient along the axis of a bone experiencing 
the bone disorder, impact load measuring means, 
coupled to the sensing means, for measuring the 
impact load generated from the striking of the 
sensing m ans, and impact rat measuring means, 

55 coupled to th sensing means, for measuring th 
rate of striking of the sensing means by th patient. 
The device further compris s processing means, 
coupled to the impact load measuring means and 
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to th impact rat measuring means, for comparing 
the measured impact load with the d sired impact 
load value and for comparing th m asured impact 
rate with the desired impact rate value to determine 
a success indicator of how close the patient came 
to the desired impact load value in striking the 
sensing means, feedback means, coupled to the 
processing means for providing the success indica- 
tor to the patient as feedback for the active ex- 
ercise treatment and recording means, coupled to 
the processing means, for recording the success 
indicator determined during the exercise treatment. 

The sensing means may include a strain-gauge 
device or a piezoelectric sensor. Alternatively, the 
sensing means may include an acoustic means, an 
accelerometer, an interferometer or a sensor pro- 
ducing an analog output The measuring means 
includes an analog-to-digitaJ converter for convert- 
ing the output of the sensing means to a digital 
signal. The processing means may include a 
microprocessor or discrete digital microelectronic 
logic device. 

The feedback means may include a light-emit- 
ting device, a tone-producing circuit including a 
buzzer, a visually-detectable meter, or a device for 
emitting synthesized speech sounds. The recording 
means may include a printer for recording the 
success indicator, a light-emitting device, a tone- 
producing circuit including a buzzer, a device for 
synthesizing speech sounds, a visually-detectable 
meter or a microelectronic memory device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incor- 
porated in and constitute a part of the specification, 
- illustrate a presently preferred embodiment of the 
invention and, together with the general description 
given above and the detailed description given 
below, serve to explain the principles of the inven- 
tion: 

Figure 1 is a block diagram of the constituent 
subsystems of a device for providing active ex- 
ercise treatment for a patient suffering from 
bone disorders incorporating the teachings of 
the present invention. 

Rgure 2 is an elevational view of the device 
described in Rgure 1 . 

Figure 3 is a perspective, side view of the 
device of Rgure 2. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

Reference will now b mad in detail to th 
presently pr ferred mbodiment of th invention as . 
illustrated in th accompanying illustrations. 



In accordance with the pr s nt invention, there 
is provided a method of providing activ ex rcise 
tr atment t increas th amount, strength, and 
proper anatomical distribution of skeletal tissue in a 

6 patient suffering from a bone disorder. This method 
can employ a variety of structures and ap- 
paratuses. One example of the structures and ap- 
paratuses is shown in Rgures 1 through 3. 

The first step in the method is to determine a 

to desired value for impact load and rate in order to 
provide treatment for the bone disorder. This deter- 
mination is based upon the patient's clinical situ- 
ation (e.g., obliquely fractured tibia) and certain 
characteristics of the patient's skeletal tissue. The 

15 patient's skeletal tissue characteristics can include 
the amount of bone, as well as the bone's strength 
and anatomical distribution. The desired impact 
load and rate values are chosen to generate elec- 
trical signals in the patient's skeletal tissue which 

20 promote appropriate bone formation maturation and 
spatial distribution while minimizing possible ad- 
verse effects, such as micro- or gross fracture or 
stress pain from an excessive cyclic load, rate, or 
treatment duration. Additional factors, including 

25 age. gender, general health, other disorders (e.g. 
diffuse osteoporosis, parathyroid abnormalities), 
medication use (e.g. steroids), height and weight, 
may play a role in determining the optimal loading 
parameters for a given patient. 

30 The physician may also raise the values for 
impact load and rate as the patient ameliorates the 
structure of his bone(s) in a progressive exercise 
regimen. The status of skeletal elements may be 
assessed through such methods as dual photon 

35 absorptiometry and other radiologic techniques. 

The objective of the exercises is to stimulate 
the bone's innate ability to respond to externally- 
applied forces. Experimental work (including that 
by Lanyon and Hartman, ("Strain related electrical 

40 potentials recorded in vitro and in vivo." Calcified 
Tissue Research 22:315-327, 1977)) has indicated 
that useful exercises will create electrical re- 
sponses with energy distributed between 0.1 Hz 
and 100 kHz, with the band of 6 to 16 Hz playing a 

45 particularly important role. It has been found that 
electrical responses are directly related to the im- 
pact load in this frequency range. Consequently, 
the subsystem of the device which determines 
success or failure of an exercise attempt will corn- 
so pare the actual characteristics generated during the 
exercise attempt with the ideal characteristics of an 
exercise which would yield energy distributed in 
the frequency range above. 

Th method further comprises th st p of re- 

55 peatedly striking a s nsor by th patient in a man- 
ner to produce an impact load along th axis of a 
bon xp riencing th bone disorder, measuring 
th impact load gen rated from th patient's strik- 
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ing of the sensor, and measuring the rat of impact 
from th patient's striking. The m asured impact 
load and rate ar then automatically compared with 
the desired impact load value and impact rate 
values, respectively, to determine a success indica- 
tor of how close the patient came to the desired 
load value and desired rate value in striking the 
sensor. The success indicator is provided to the 
patient as feedback for the active exercise treat- 
ment, and is also recorded. The patient repeats the 
striking until the desired number of successful ex- 
ercise impacts has been accomplished. Treatment 
duration is based upon the clinical judgment of the 
physician. The desired impact rate and the desired 
treatment duration, like the desired impact load, are 
based upon the characteristics of the patient's skel- 
etal tissue. 

A device according to the present invention for 
use in providing active exercise treatment in a 
patient suffering from a bone disorder will now be 
described in detail with reference to Figures 1 
through 3. 

In accordance with the present invention, the 
device includes sensing means adapted to be 
struck by the patient in a manner to produce an 
impact load to the patient along the axis of the 
bone experiencing the bone disorder. In Figure 1 , 
the sensing means can include a plate 14. Plate 14 
may advantageously be fabricated from a plastic 
polymer (e.g., acrylic). Patient 8 as shown in Figure 
3 repeatedly strikes plate 14 in a manner to pro- 
duce an impact load along the axis of a bone 
experiencing the bone disorder. 

In accordance with the present invention there 
is further provided measuring means, attached to 
the sensing means for measuring the impact load 
generated from the striking of the sensing means. 
The measuring means may include a sensor shown 
as 16 in Figure 1. Sensor 16 may be fabricated 
from a piezoelectric film (e.g., Kynar) which has 
been bonded to plate 14 or may be another kind of 
sensor appropriate to the purpose of this invention 
such as an acoustic transducer, an accelerometer 
or an interferometer. Sensor 16 generates a signal 
to measure the impact load generated from the 
striking of plate 14. The signal may be an analog 
output in which case an analog-to-digital converter 
18 may be included for converting the analog out- 
put to a digital signal. Using contemporary 
microelectric techniques, the converter may consist 
of a single integrated circuit chip or may comprise 
several discrete electronic components. 

A processing means is provided for comparing 
th m asured impact load with the desired impact 
load to determine a success indicator of how close 
th patient cam to the desired impact load valu 
in striking the sensing m ans. Processing unit 17 
may include a microproc ssor 20. Th digital re- 



presentation of the signal from converter 18 is fed 
to microprocessor 20 which is in communication 
with a m mory unit 22. Memory unit 22 may con- 
tain both a program of instructions for microproces- 
5 sor 20 and the criteria for determining a success 
indicator of how close the patient came to the 
desired impact load in striking the sensor. Micro- 
processor 20 may advantageously employ a 
microelectronic single-chip processing circuit, and 

10 memory unit 22 may advantageously employ a 
mixture of elements including a preset chip-based 
(Read Only Memory or ROM chip) program com- 
bined with alterable encodings of the exercise judg- 
ing criteria, e.g., removable and reprogrammable 

75 memory such as RAM, EEPROM, or magnetic- 
based memory elements such as disks or bubble 
memory. The alterable encodings may also include 
a card into which a program is built. The cards 
may be individualized according to. the needs of 

20 each individual patient and according to each stage 
of healing. The processing means may also create 
a log of use in memory unit 22. This record of 
usage pattern may be used by a physician caring 
for the patient in determining alterations in the 

25 exercise regimen so as to improve the patient's 
skeletal condition. 

Feedback means are provided for providing the 
success indicator to the patient as feedback for the 
active exercise treatment The feedback means 

30 preferably includes a feedback unit 24 which make 
the results of the treatment known to the patient 
once processing unit 17 has determined the out- 
come of a particular exercise attempt. To accom- 
plish this, feedback unit 24 may include a tone 

35 producing circuit for emitting an audible tone of 
such pitch and timbre as to denote success or 
failure such as a buzzer, a lamp or a light-emitting 
diode of a color chosen to denote success or 
failure, a visually-detectable meter, or a device for 

40 producing synthesized speech sounds to convey 
this information. 

In accordance with the present invention there 
is provided recording means for recording the suc- 
cess indicator determined during the exercise treat- 

45 ment. The recording means may include a recorder 
34, such as a printer for recording the success 
indicator or even a memory unit such as memory 
unit 22. 

The device according to the present invention 
so further comprises means for adjusting the criteria 
used for the success indicator. This adjustment 
may be by means of at least one control resistor or 
switch which may be reset in accordance with the 
progressiv regimen described abov . The adjust- 
55 ment means may also includ a microelectronic 
memory device which may b revised under the 
direction of the physician caring for the user, or 
may include a r movable circuit board which in- 
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dicates t microprocessor 20 which one f a num- 
ber of possible criteria for success from m mory 
unit 22 should be mployed for the patient at any 
given time. The device may also include means, 
such as a lamp or a buzzer, for generating a signal 
of the time for a succeeding treatment 

To provide exercise to a bone with a repairing 
discontinuity, the individual uses the device of the 
present invention and performs an exercise to com- 
press the broken bone by repeatedly striking a 
designated surface of the device. As shown in 
Figure 3, patient 8 performs exercises to enhance 
the rehabilitation of the fractured bone, e.g. in this 
illustration, a fracture of the tibia of the lower leg. 
Although shown in treating legs, the present inven- 
tion is broadly applicable for ail limbs, including 
arms. In the treatment a plaster or plastic cast 4 is 
conventionally placed around the leg. The patient 
performs exercises by striking the heel of casted 
limb 4 against surface plate 12 which is mounted 
horizontally in base 6. In this situation, plate 12 
may be marked with symbols (Figure 2) to help the 
user to align his limb 4 for proper performance of 
the exercises, such as the outline of a foot 3, 
arrows, lines, circles and curves, and text elements. 
Any visual display of information from feed back 
unit 24 may be accomplished by placing indicators, 
lamps, and the like in a position so as to be visible 
to someone seated or standing and striking his 
casted limb against the device. 

To provide exercise to a patient with a general- 
ized bone disorder such as diffuse osteoporosis, 
the individual uses the device of the present inven- 
tion and performs an exercise by standing atop the 
device and striking a designated surface of the 
device with his or her heels. This impact of heels 
against the device creates a force which is trans- 
mitted through the skeleton and can therefore treat 
the diffuse osteoporosis condition. This exercise 
may advantageously be conducted by rising up on 
the forefoot, thus elevating the heels above the 
device, and then suddenly relaxing the supporting 
musculature of the leg to allow the heels to drop 
and strike the device. 

As explained above, the nature of that "impact 
event" from the exercise attempt is measured by 
sensor attached to or embedded in the impacted 
surface of the device. The nature of the impact 
event is then compared to the parameters desired 
for attaining the clinical result or ameliorated matu- 
ration (e.g. amplitude of impact load, rate of im- 
pact). The success or failure of. the exercise at- 
tempt to meet these criteria is made known to the 
individual by the device. This process is r peated 
until a prescribed number of successful exercise 
impacts has been accomplished. Attainm nt of this 
ndpoint is also mad known to the individual by 
feedback unit 24. This set of successful xercises 



is repeated at an interval ( .g. daily) determined by 
physicians to be efficacious for the patient's par- 
ticular clinical condition. 

It should be noted that these criteria are, in 
5 practice, not necessarily fixed for all time. Rather, 
they represent a progression of levels which are 
revised by the physician caring for the patient in 
accordance with measures of clinical response (a 
"spring training" regimen). 

10 In practice, the configuration of the impacted 
surface must be appropriate for each clinical situ- 
ation. For example, a patient with a fractured tibia 
will usually have his or her lower leg placed in a 
plaster or plastic cast; this often involves some 

75 degree of equinus positioning. In order to facilitate 
axial compressions of the tibia, the impacted sur- 
face must allow for the heel region to strike the 
surface. This may be accomplished by elevating 
the impacted surface above the remainder of the 

20 device (so that the forefoot does not Impact the 
device), or placing it so that the forefoot extends 
beyond the edges of the device (and thus does not 
sustain an impact). 

The present invention is directed to a mechani- 

25 cal means of producing endogenous electrical sig- 
nals. An advantage of the present invention is that 
it is compatible with and complementary to exoge- 
nously-produced electrical signals, such as from 
electrodes or time-varying electromagnetic fields. 

30 Additional advantages and modifications will 
readily occur to those skilled in the art. The inven- 
tion in its broader aspects is, therefore, not limited 
to the specific details, representative apparatus and 
illustrative examples shown and described. Accord- 

35 ingly, departures may be made from such details 
without departing from the scope of the general 
inventive concept as defined by the appended 
claims. 

40 Claims 

1. A method of analyzing impact received by a 
patient (8) suffering from a bone disorder, the 
method comprising the steps of 
4$ repeatedly striking of a plate (14) by the pa- 
tient (8) in a manner to produce an impact load 
along the axis of a bone experiencing the bone 
disorder; 

measuring the impact load value at a sensor 
so (16) mounted to the plate (14) generated from 
the patient's striking of the plate; 
characterized by the further steps of; 
determining, from selected characteristics of 
the patient's skeletal tissu , a desired vafu for 
55 impact load and impact rate in order to provide 
treatment for th bon disorder, th desired 
impact load and impact rat values being cho- 
sen to generat electrical signals in the pa- 
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tient's skeletal tissue such that th 
predominant en rgy distribution will be be- 
tween 0.1 Hz and 100 KHZ, with notable en- 
ergy distribution in the range of 6 to 16 Hz; 
automatically measuring the impact rate value 
of said striking of said plate (14); 
automatically comparing the automatically 
measured impact load value with the desired 
impact load value and automatically comparing 
the desired impact rate value with the mea- 
sured impact rate value to determine a suc- 
cess indicator value indicating the difference 
between the desired impact load and impact 
rate values; 

providing the success indicator value to the 
patient (8) automatically as feedback for the 
active excercise treatment; and 
recording the success indicator value deter- 
minded during the exercise treatment. 

2. The method of claim 1 wherein the step of 
determining the value for impact load and im- 
pact rate includes the substep of determining 
the amount of bone in the patient's skeletal 
tissue. 

3^ The method of claim 1 wherein the step of 
determining the value for impact load and im- 
pact rate includes the substep of determining 
the strength of bone in the patient's skeletal 
tissue. 

4. The method of claim 1 wherein the step of 
determining the value for impact load and im- 
pact rate includes the substep of determining 
the anatomical distribution of bone in the pa- 
tient's skeletal tissue. 

5. The method of claim 1 wherein the step of 
determining the value for impact load and im- 
pact rate includes the substep of determining 
the nature of the bone disorder. 

6. A device for analyzing the impact received by 
a patient (8) suffering from a bone disorder, 

a plate (14) for producing an impact load to the 
patient (8) along the axis of a bone experienc- 
ing the bone disorder when struck by a patient 
(8); 

sensing means (16). operatively connected to 
said plate (14), for forming an impact signal 
indicating the impact load generated when said 
plate (14) is struck by the patient (8); and 
impact load measuring means, coupled to said 
. sensing means (16), for receiving the impact 
signal from the sensing means (16) and m a- 
suring th impact load generated from said 
striking of said plat (14); 



characterized by: 

impact rat measuring means, coupled t said 
sensing means (16), for receiving the impact 
signal from the sensing means (16) and mea- 
s suring the rate of striking said plate (14) by 

said patient (8); 

processing means (17) coupled to said impact 
load measuring means and to said impact rate 
measuring means, for comparing the mea- 

io sured impact load with desired impact load 
values and for comparing the measured impact 
rate with desired impact rate values, the de- 
sired impact load and rate values being se- 
lected to cause skeletal tissue in said patient 

75 to generate an electrical signal having the ma- 
jority of its energy between 0.1 Hz and 100 
kHz, with notable energy distribution into range 
of 6 to 16 Hz, to determine a success indicator 
value indicating the difference between said 

20 desired impact load and impact rate values 
and the measured impact load and impact rate 
values; 

feedback means (24), coupled to said process- 
sing means (17) for converting said success 

25 indicator value to 

feedback perceivable by said patient (8) in the 
active exercise treatment; and 
recording means (34) coupled to said process- 
ing means (17), for recording said success 

30 indicator value determined during the exercise 
treatment. 

7. The device of claim 6 wherein said sensing 
means includes a resistive strain-gauge sen- 

35 son 

8. The device of claim 6 wherein said sensing 
means includes a piezoelectric device. 

40 9. The device of claim 6 wherein said sensing 
means includes an acoustic transducer. 

10. The device of claim 6 wherein said sensing 
means includes an accelerometer. 

45 

11. The device of claim 6 wherein said sensing 
means includes an interferometer. 

12. The device of claim 6 wherein said measuring 
so means includes an analog-to-digital converter 

for converting the output rate of said sensing 
means to a digital signal. 

13. The device of claim 6 wherein said processing 
55 means includes a microprocessor. 

14. The devic of claim 6 wh rein the processing 
m ans includes a discrete digital microelec- 
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tronic logic device. 

15. Th device of claim 6 wherein, said feedback 
means includes a light-emitting device. 

16. The device of claim 6 wherein said feedback 
means includes a tone-producing circuit 

17. The device of claim 6 wherein said tone-pro- 
ducing circuit includes a buzzer. 

18. The device of claim 6 wherein said feedback 
means includes a visually-detectable meter. 

19. The device of claim 6 wherein said feedback 
means includes a device for emitting synthe- 
sized speech sounds. 

20. The device of claim 6 wherein said recording 
means includes a printer for recording the suc- 
cess indicator. 

21. The device of claim 7 wherein the recording 
means includes a microelectronic memory de- 
vice. 

PatentansprUche 

1. Verfahren zum Analysieren eines StoBes, den 
ein unter Knochenerkrankung leidender Patient 
(8) erhSlt. mit den Schritten: 
wiederholtes Treten einer Platte (14) durch den 
Patienten (8) in einer Weise, urn eine StoBbela- 
stung IMngs der Achse eines Knochen zu er- 
zeugen, der die Knochenerkrankung hat; 
Messen des StoBbelastungswertes an einem 
an der Platte (14) angebrachten Sensor (16), 
der durch das Treten der Platte durch den 
Patienten erzeugt wird; 

gekennzelchnet durch die weiteren Schritte: 
Bestimmen, aus ausgewShlten Eigenschaften 
des Skeletalgewebes des Patienten. eines ge- 
wQnschten Wertes fOr die StoBbelastung und 
StoBrate, um eine Behandlung der Knochener- 
krankung zu bewirken, wobei die gewUnschte 
StoBbelastung und StoBrate gewahtt werden, 
um elektrische Signale im Skeletalgewebe des 
Patienten derart zu erzeugen, daB die vorherr- 
schende Energieverteilung zwischen 0,1 Hz 
und 100 KHz m'rt einer bemerkenswerten Ener- 
gieverteilung im Bereich von 6 bis 1 6 Hz liegt; 
automatisches Messen des StoBratenwertes 
des Tretens der Platte (14); 
. automatisches Vergleichen des automatisch 
gemessenen StoBbelastungswertes mit dem 
gewUnschten Stofibelastungswert und automa- 
tisches Vergleich n des gewUnschten StoBra- 
tenwertes mit dem gemessen n StoBrat nw rt, 



um in n Erfolgsangabew rt zu bestimmen, 
der die Differenz zwischen d n gewUnschten 
StoBbelastungs- und StoBratenwerten angibt; 
Geben des Erfolgsangabewertes an den Pa- 
5 tienten (8) automatisch als eine RQckgabe zur 

aktiven Gbungsbehandlung, und 
Aufzeichnen des wShrend der Gbungsbehand- 
lung bestimmten Erfolgsangabewertes. 

w 2. Verfahren nach Anspruch 1, wobei der Schritt 
der Bestimmung des Wertes fUr die StoBbela- 
stung und die StoBrate den Unterschritt zur 
Bestimmung der Menge an Knochen in dem 
Skeletalgewebe des Patienten umfaBt. 

15 

3. Verfahren nach Anspruch 1. wobei der Schritt 
zur Bestimmung des Wertes fUr die StoBbela- 
stung und die StoBrate den Unterschritt der 
Bestimmung der Starke der Knochen in dem 
20 Skeletalgewebe des Patienten umfaBt. 

4- Verfahren nach Anspruch 1, wobei der Schritt 
der Bestimmung des Wertes fUr die StoBbela- 
stung und die StoBrate den Unterschritt der 
25 Bestimmung der anatomischen Verteilung der 
Knochen in dem Skeletalgewebe des Patienten 
umfaBt. 

5. Verfahren nach Anspruch 1, wobei der Schritt 
30 der Bestimmung des Wertes fUr die StoBbela- 
stung und die StoBrate den Unterschritt der 
Bestimmung der Art der Knochenerkrankung 
umfaBt. 

35 6. Vorrichtung zum Analysieren des StoBes, den 
ein unter Knochenerkrankung leidender Patient 
(8) erhait. mit 

einer Platte (14) zum Erzeugen einer StoBbela- 
stung fUr den Patienten (8) IMngs der Achse 
40 eines Knochens, der die Knochenerkrankung 
hat, wenn sie von einem Patienten (8) getreten 
wird; 

einer wirkungsmSBig mit der Platte (14) ver- 
bundenen FUhleinrichtung (16) zum Bilden ei- 

45 nes StoBsignals, das die StoBbelastung angibt, 
die erzeugt wird, wenn die Platte (14) von dem 
Patienten (8) getreten wird, und 
einer StoBbelastungs-MeBeinrichtung, die mit 
der FUhleinrichtung (16) zum Erhalt des StoBsi- 

50 gnals von der FUhleinrichtung (16) gekoppelt 
ist und die StoBbelastung mifit, die beim Tre- 
ten der Platte (14) erzeugt wird; 
gekennzelchnet durch: 
eine StoBraten-MeBeinrichtung, die mit der 

55 FUhleinrichtung (16) zum Erhalt des StoBsi- 
gnals von d r FUhleinrichtung (16) gekoppelt 
ist und di Rat des Tretens der Platte (14) 
durch den Patienten (8) mifit; 
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eine mit d r StoBbelastungs-MeBeinrichtung 
und mit d r StoBraten-MeBeinrichtung gekop- 
pelten Verarbeitungseinrichtung (17) zum Ver- 
gleichen der gemessenen StoBbelastung mit 
gewOnschten StoBbelastungswerten und zum 
Vergleichen der gemessenen StoBrate mit ge- 
wOnschten StoBratenwerten, wobei die ge- 
wOnschten StoBbelastungs- und Ratenwerte 
gewShlt sind, um zu bewirken, daB das Skele- 
talgewebe in dem Patienten ein elektrisches 
Signal erzeugt, das den GroBteii seiner Ehergie 
zwischen 0,1 Hz und 100 KHz mit einer be- 
merkenswerten Energieverteilung im Bereich 
von 6 bis 16 Hz hat um einen Erfolgsangabe- 
wert zu bestimmen, der die Differenz zwischen 
den gewOnschten StoSbelastungs und StoBra- 
tenwerten und den gemessenen StoBbela- 
stungs- und StoBratenwerten angibt; 
eine mit der Verarbeitungseinrichtung (17) ge- 
koppelte ROckkopplungseinrichtung (24) zum 
Umformen des Erfolgsangabewertes in eine 
ROckgabe, die vom Patienten (8) bei der akti- 
ven Obungsbehandlung wahrnehmbar ist, und 
eine mit der Verarbeitungseinrichtung (17) ge- 
koppelte Aufzeichnungseinrichtung (34) zum 
Aufzeichnen des wShrend der Obungsbehand- 
lung bestimmten Erfolgsangabewertes. 

7. Vorrichtung nach Anspruch 6, wobei die FOhl- 
einrichtung einen Widerstandssensor fUr me- 
chanische Spannungen umfaBt. 

a Vorrichtung nach Anspruch 6, wobei die FOhl- 
einrichtung eine piezoelektrische Einrichtung 
umfaBt. 

9. Vorrichtung nach Anspruch 6, wobei die FOhl- 
einrichtung einen akustischen Umformer um- 
faBt 

10. Vorrichtung nach Anspruch 6, wobei die FOhl- 
einrichtung einen Beschleunigungsmesser um- 
faBt 

11. Vorrichtung nach Anspruch 6, wobei die FOhl- 
einrichtung ein Interferometer umfaBt 

12. Vorrichtung nach Anspruch 6, wobei die MeB- 
einrichtung einen Analog-Digital-Umformer 
zum Umformen der Ausgangsrate der FOhlein- 
richtung in ein Digitalsignal umfaBt 

13. Vorrichtung nach Anspruch 6, wobei die Verar- 
beitungseinrichtung einen Mikroprozessor um- 
faBt 

14. Vorrichtung nach Anspruch 6, wobei di V rar- 
beitungseinrichtung ein diskrete digitate mi- 



kroelektronisch Logikeinrichtung umfaBt. 

15. Vorrichtung nach Anspruch 6, wobei die ROck- 
kopplungseinrichtung eine lichtemittierende 

s Einrichtung umfaBt 

16. Vorrichtung nach Anspruch 6, wobei die ROck- 
kopplungseinrichtung eine Tonerzeugungs- 
schattung umfaBt 

70 

17. Vorrichtung nach Anspruch 16, wobei die Ton- 
erzeugungseinrichtung einen Summer umfaBt 

18. Vorrichtung nach Anspruch 6, wobei die ROck- 
15 kopplungseinrichtung ein visuell wahrnehmba- 

res MeBgera't umfaBt 

19. Vorrichtung nach Anspruch 6, wobei die ROck- 
kopplungseinrichtung eine Einrichtung zum Ab- 

20 geben synthetisierter Sprache umfaBt. 

20. Vorrichtung nach Anspruch 6, wobei die Auf- 
zeichnungseinrichtung einen Drucker zum Auf- 
zeichnen der Erfolgsangabe umfaBt. 

25 

21. Vorrichtung nach Anspruch 7, wobei die Auf- 
zeichnungseinrichtung eine mikroelektronische 
Speichereinrichtung umfaBt. 

30 Revendlcatlons 

1. Un procddS permettant d'analyser I'impact 
regu par un patient (8) souffrant d'un probleme 
osseux, le proc6d6 comprenant les Stapes 

35 consistant a 

faire frapper le patient (8) de maniere re- 
petee sur un plateau (14) de fagon a produire 
una charge d'impact le long de I'axe de I'os 
pnisentant un probleme; 

40 mesurer la valeur de la charge de I'impact 

g6n6ree par le patient lorsqu'il frappe le pla- 
teau a I'aide d'un d&ecteur (16) monte* sur le 
plateau (14); 

caracto§rls£ par les itapes ultgrleures 

45 consistant a; 

determiner, a partir de caractgristiques se*- 
lectionne'es du tissu osseux du patient une 
valeur souhaite'e pour une charge d'impact et 
pour un degre* d'impact de fagon a fournir un 

so traitement pour les problemes osseux, les va- 
lours de charge d'impact et du degre* d'impact 
souhaitees Stant choisies afin de g6ne>er des 
signaux electriques dans le tissu osseux du 
patient d fagon telle que la distribution 

55 d'en rgie predominant sera comprise dans la 
gamma allant de 0,1 Hz a 100 KHz, avec un 
distribution d'6nergie considerable comprise 
dans la gamm allant de 6 a 16 Hz; 
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m surer automatiquement la valeur du de- 
gre d'impact d ladite frappe sur (edit plateau 
(14); 

comparer automatiquement la valeur de la 
charge d'impact mesur6e automatiquement 
avec la valeur de la charge d'impact souhaitee 
et comparer automatiquement la valeur du de- 
gre d'impact souhaitee avec la valeur du degre 
d'impact mesunSe afin de determiner una va- 
leur indicatrice de sortie permettant d'indiquer 
la difference existant entre les valours de char- 
ge d'impact et du degre d'impact souhaitees; 

fournir automatiquement une valeur indica- 
trice de sortie au patient (8) en tant que re- 
troaction de t'exercice d'activite ; et 

enregistrer la valeur indicatrice de sortie 
d6termin6e lors de I'exercice d'activite. 

2. Le precede selon la Revindication 1, dans 
lequel I'etape consistant a determiner la valeur 
de la charge d'impact et du degre d'impact 
comprend la sous-etape consistant a determi- 
ner la proportion d'os dans le tissu osseux du 
patient. 

3. Le procede selon la Revendication 1, dans 
lequel I'etape consistant a determiner la valeur 
de la charge d'impact et du degre d'impact 
comprend la sous-etape consistant a determi- 
ner la resistance de I'os dans le tissu osseux 
du patient. 

4. Le procede selon la Revendication 1. dans 
lequel retape consistant a determiner la valeur 
de la charge d'impact et du degre d'impact 
comprend la sous-etape consistant a determi- 
ner la repartition anatomique de I'os dans le 
tissu osseux du patient. 

5. Le procede selon la Revendication 1, dans 
lequel I'etape consistant a determiner la valeur 
de la charge d'impact et du degre d'impact 
comprend la sous-etape consistant a determi- 
ner la nature du probleme osseux. 

6. Un dispositif permettant d'analyser I'impact 
recu par un patient (8) souffrant d*un probleme 
osseux, 

un plateau (14) permettant de produire une 
charge d'impact sur le patient (8) le long de 
I'axe de I'os presentant le probleme osseux 
lorsque le patient (8) frappe le plateau ; 

un moyen de detection (16), connecte de 
maniere operatrice au dit plateau (14), permet- 
tant d produir un signal d'impact tndiquant la 
charg d'impact genere lorsqu le patient (8) 
frappe ledit plateau (14); et 

un moyen d mesure d la charg d'im- 



pact, raccorde au dit moyen de detection (16), 
permettant d recevoir le signal d'impact ema- 
nant du m y n de 

detection (16) et de mesurer la charge d'im- 

s pact genenje depuis ladite frappe sur ledit 

plateau (14); 

caracterise en ce que : 
il exists un moyen de mesure du degre 
d'impact, raccorde au dit moyen de detection 

ro (16), permettant de recevoir le signal d'impact 
emanant du moyen de detection, (16) et de 
mesurer le degre de frappe dudit plateau (14) 
par ledit patient (8); 

il existe un moyen de traitement (17) rac- 

75 corde au dit moyen de mesure de charge 
d'impact et au dit moyen de mesure du degre 
d'impact permettant de comparer la charge 
d'impact mesuree avec les valours de charge 
d'impact souhaitees et permettant de compa- 

20 rer le degre d'impact mesure avec les valeurs 
du degre d'impact souhaitees, les valeurs du 
degre et de charge d'impact souhaitees etant 
seiectionnees de facon a ce que le tissu os- 
seux dudit patient genere un signal eiectrique 

25 dont la principale energie est comprise dans la 
gamme allant de 0,1 Hz a 100 KHz, presentant 
une distribution d'energie considerable compri- 
se dans la gamme allant de 6 a 16 Hz, afin de 
determiner une valeur indicatrice de sortie indi- 

30 quant la difference existant entre lesdites va- 
leurs de charge d'impact et du degre d'impact 
souhaitees et les valeurs de charge d'impact et 
du degre d'impact mesurees; 

il existe un moyen de retroaction (24), 

3$ raccorde au dit moyen de traitement (17), per- 
mettant de convertir une dite valeur indicatrice 
de sortie en 

une retroaction perceptible par ledit patient 
(8) en exercice d'activite ; et 

40 un moyen d'enregistrement (34) raccorde 

au dit moyen de traitement (17), permettant 
d'enregistrer ladite valeur indicatrice de sortie 
determines lors de I'exercice d'activite. 

4$ 7. Le dispositif selon la Revendication 6, dans 
lequel ledit moyen de detection comprend un 
capteur r^sistif a jauge d'extension. 

& Le dispositif selon la Revendication 6, dans 
so lequel ledit moyen de detection comprend un 
dispositif piezoeiectrique. 

9. Le dispositif selon la Revendication 6, dans 
lequel ledit moyen de detection comprend un 

55 transducteur acoustique. 

10. L dispositif s ton la R vendtcation 6, dans 
lequel ledit moyen de detection comprend un 



11 



21 



EP 0 451 147 B1 



22 



acc£l£rom&tre. 

11. L dispositif selon la Revendication 6, dans 
lequel ledit moyen de detection comprend un 
interfcSrometre. 5 

12. Le dispositif selon la Revendication 6. dans 
lequel ledit moyen de mesure comprend un 
convertisseur analogique-numgrique permet- 

tant de convertir le taux de rendement dudit w 
moyen de detection en un signal numSrique. 

1a Le dispositif selon la Revendication 6, dans 
lequel ledit moyen de traitement comprend un 
microprocesseur. 15 



14. Le dispositif selon la Revendication 6, dans 
lequel ledit moyen de traitement comprend un 
dispositif logique microglectronique numSrique 
discret. 20 



15. Le dispositif selon la Revendication 6, dans 
lequel ledit moyen de retroaction comprend un 
dispositif Smetteur de lumiere. 

25 

16. Le dispositif selon la Revendication 6, dans 
lequel ledit moyen de retroaction comprend un 
circuit g6n£rateur de sons. 

17. Le dispositif selon la Revendication 6, dans 30 
lequel ledit circuit g6n£rateur de sons com- 
prend un avertisseur sonore. 

1& Le dispositif selon la Revendication 6, dans 
lequel ledit moyen de retroaction comprend un 35 
appareil de mesure lisible. 

19. Le dispositif selon la Revendication 6, dans 
lequel ledit moyen de retroaction comprend un 
dispositif permettant d'6mettre des sons vo- 40 
caux synthases. 

20. Le dispositif selon la Revendication 6, dans 
lequel ledit moyen d'enregistrement comprend 

une imprimante permettant d'enregistrer la va- > 45 
leur indicatrice de sortie. 

21. Le dispositif selon la Revendication 7, dans 
lequel ledit moyen d'enregistrement comprend 

un dispositif de memoirs 6lectronique. so 
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